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CONDUCTIVITY AS A TOOL FOR EVALUATING THE HOMOGENEITY OF
SINTERED DISCS OF TRANSITION METAL OXIDES

Robert Kershaw, Bijan Khazai, Hector Leiva,
h Kirby Dwight and Aaron Wold
Department of Chemistry, Brown University

Providence, Rhode Island 02912

ABSTRACT

Sintered discs can be prepared and made conducting for a
number of transition metal oxides. It can be shown that
room temperature resistivity measurements are an important
tool in determining reproducibility for such materials.
Several transition metal oxide systems have been chosen to
illustrate the importance of these measurements,

Introduction

In the course of our studies (1) on the preparation and char-
acterization of conducting n-type oxide electrodes, it was observed that
the resistivities of well-sintered discs could be related to the purity
and homogeneity of the products as well as to the reproducibility of the
preparative procedures. It has been known, prior to these studies, that
absolute resistivity measurements of sintered discs are extremely sensitive
to variations in disc density, grain size, impurity concentration; however,
there was little correlation between such measurements and the ability to
reproduce sintered discs of known purity and homogeneity.

It will be shown that such correlations can be made and that
for many systems preparative reproducibility can be measured for poly-
crystalline samples where single crystals are difficult to obtain. 1In
this study, reproducibility of the absolute resistivities of well-sintered
discs for several transition metal oxide systems will be compared to the
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variation obtained with single crystal samples of the systems TiOp_,
. . ’
TiOy_yF, and SrTiOj_,,

Experimental

Single crystal samples of conducting TiO2-x, SrTiO;_, and
Ti0,_,F, were prepared from single crystal boules of TiO, and SrTiO; ob-
tained from National Lead Industries. Reduced samples were prepared by
heating wafers, 1 mm thick in a stream of pure hydrogen. Fluorination of
Ti0y wafers was carried out by the use of a Ar/Hy carrier gas mixture con-
taining hydrogen fluoride generated by the thermal decomposition of potas-
sium bifluoride (2).

Bulk powder samples of Serb207’ Ba.SSr_sNb206’ BasFeNbOg

StzFerOs, FeNbO; and other substituted iron niobates were prepared using
standard solid-state techniques. The starting materials were carbonates
and oxides of spectroscopic purity. Discs weighing between 150 and 200 mg
were cold pressed at 60,000 to 90,000 P.S.I. In some cases, it was neces-
sary to use a small amount of carbowax (Carbowax 20,000 Fisher Scientific
Co.) as a binder. These discs were generally sintered by placing them on
a bed of powder having the same composition. This was contained in a cov-
ered alumina crucible, which was then slowly heated up to and held at the
desired sintering temperature as given in Table I.

TABLE 1 l

Sample Preparation and Reducing Conditions of Discs '

Composition Preparation Conditions Reducing Conditions :

i Temp., °C ‘Time, hr, E Red. Agent ' Temp. ! Time %

- SryNby0; 1330 15 Nb i 900 67 ‘

- Ba_sSr 5Nby0g 1330 15 Nb ' 900 | 67 !

; Sr2FeNbOg 1330 6 Fe % 950 72 ;
é FeNbOQ,, 1250 24 none | Discs sintered in
" Fe_gCr_1NbO, 1250 24 | none | air at 1250°C for

i Fe g9 1n1NbO4 1250 | 24 none 24 hours.

, Te oV _1NbOs ‘ 900 24 none ‘ Discs sintered in X

i evacuated silica tube:

at 900°C for 24 hoursé

A disc was considered well sintered when its measured density was greater
than 95% of the theoretical density. Sample densities were determined using
a hvdrostatic teclmique (3) cuploying a Mcttler Model 154 analvtical balance

T
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The density medium perfluoro (l-methyldecalin) was chosen because of its
relatively low vapor pressure and itg ability to wet the samples. A high
purity silicon crystal ({= 2.328g/cm’) was chosen for calibrating the den-
sity liquid. 1In order to obtain reproducible results, care was taken to
outgas the samples thoroughly prior to density measurements.

Conductivity for FeNbOQ; was achieved by sintering the discs at
1250° for 24 hours in a hollow globar furnace and allowing the sample to

: cool at a rate of 75°/hour. Reduction of SryNb207, Ba_5Sr, 5Nb206,
s BasFeNbOg and SrpFeNbOg was achieved by heating the discs in sealed evacu-
ated silica tubes containing either niobium or iron (4). As described by
Schleich (5), the niobium or iron powder was placed in a small silica tube
so that the sample and reducing material were not in direct contact. The
conditions for the various reductions are given in Table 1,

Results and Discussion

‘! X-ray diffraction patterns were obtained from ground portions
of the final discs using the Debye-Scherrer method. These patterns were
compared with those obtained from the polycrystalline reaction products.

! Electrical measurements of the single crystal samples SrT103’

) TiOp and Ti0p_,F, were made on bars 4 x 2 x 1 mm cut from the reduced or
fluorinated wafer. Each bar was further subdivided into three sections

4 ¥ 2 x 0,25 mm in order to establish whether or not each wafer was truly
homogeneous. Thus, the middle section was taken entirely from the interior
of the wafer and made no contact with the outside surface, Indium leads
were bonded ultrasonically to each section, and the standard Van der Pauw
technique (6) was used to measure its resistivity. Excellent agreement be-
tween the resistivity values for inside and outside sections was obtained
for the reduced or fluorinated wafers and these results are given in Table

2.
TABLE 2 |
i
Reproducibility of Resistivity Measurements for ‘
Single Crystal Wafers of TiOp 6 TiO;_4Fx and SrTiO3-x !
i
Resistivity of Resistivity of Resistivity of |
'Sample Composition Inside Section Outside (I) Outside (II) " ’
| ! i f
. (~cm) ! (R-cm) (2-cm)
! | i |
Tiol.ggg ; 6.0 . 6.4 6.3
I
| Ti0] 993 : 0.9 0.9 ! 1.0
Ti01,9998F,0002% ! 5.4 5.7 i 3.2
! H
. SET104_ 4,1 f 0.14 0.15 | 0.16
11 , 0.053 0.052 ! 0.051
|

* 1imit of fluorine analysis

**valueg of x were not determined




For sintered discs of the polycrystalline samples, the measured
resistivities were generally observed to decrease with increasing time of
reduction; however, the rate of reduction became small after 72 hours. As
can be seen from Table 3, resistivities were measured before and after ab-
rasion of the discs by sandblasting to two-thirds of their original thick-

ness.

' t TABLE 3
% % Resistivity of Sintered Discs Before and After Sanding ;
| 5 Sample @ Before Sanding =~ @ After Sanding A_J
E fi-cm fl-cm i
STyNby07 I 41.5 40.9 |
i II ’ 209 210.5 ,
| Ba_5Sr 5NbyOg I | 2.58 % 2.67 i
‘ 11 2.35 n 2.50 |
i STyFeNbOg 112 ‘ 110 i
FeNbOy, 40 § 39.3 {
| Fe.gcr'leO4 52 g 52.3 %
! Feg InNboy, 67.4 ? 68.1 |
' ‘ Fe gV _;NbOy 83.6 } 84.1 :
‘ ! !

ot
£ Sy N

A negligible observed change in the measured resistivity after such abrasion
established the homogeneity of the products.

" DU i . . b '\3’6; ca--.-
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